Forensie science is synthetic, depending on all the other sciences for development of its basic techniques, and it is original chiefly in that it adapts the techniques of other sciences to its unique and specialized uses. One of its major branches, criminalistics, does have a special aim which is not the same as that of other applied sciences, namely the individualization of a sample of evidence, which is equivalent to the determination of the source of the item of evidence. Individualization goes beyond identification; in fact it starts where identification leaves off, and this is the feature of criminalistics whieh makes it unique and requires for it a philosophy and a modus operandi that are not direetly available from the developments of the other seiences. In effect, it is an application of comparison between samples of known and unknown origin, taking into account the fine details, morphoIogical or chemical, that may be found in eommon between two samples of identical origin and not common to items from different sources. When only dass distinctions are being sought, as in chemical identification, this kind of minutia would be disregarded.
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In general, such comparisons are merely extensions under controlled conditions of the same basic procedures that are of utility in chemistry, geology, or biology. This makes it very diffieult to make any claims for originality for the teehniques used by the criminalist. His applications tend tobe original, and his interpretations may also be, but only oceasionally will he invade the realm of development of new or radieal basie rnethods.
Criminalisties is often equated with chemistry, and it is sometimes assumed that the ehernist is automatieally a erirninalist. Apart from the fact that this is simply not true, it is necessary to realize that it is the microchemist more than the ehernist who is most closely related to the criminalist. Virtually all evidence samples are small, often vanishingly so, and the ehernist who has no speeific knowledge of microteehniques is almost as helpless as if he did not know any ehemistry.
However, there is an important differenee between the research approach of the mierochemist and tha t of the criminalist. Most microchernists are eoneerned with specific and sophisticated techniques for identifying and determining specific chemical entities, often in systems of very restricted origin. They are rarely interested in identifying or determining some item in relation to the entire universe of similar items. This is the job of the eriminalist. His unknowns tend to be general unknowns without much indication of the restricted dass to which they belong. He is not interested in the molybdenum content of the steel; rather, he must determine the following faetors about the minute evidence fragment: (i) if it is metal, (ii) the type of metal, (iii) if steel, the type of steel, and (iv) if the fragment is identical in all measurable respects with some standard steel from which the fragment is suspected of coming.
TOXICOLOGY
Consider one of the common types of problern that confront the crime laboratory, i.e., the determination of a possible toxic agent or drug in the body of a deceased, ill, or injured person. Firstly, it is not always clear whether or not there is any such agent. Secondly, if there is such an agent, there may or may not be any preliminary indication as to its possible type or nature. Thirdly, assuming that some foreign agent can be isolated and identified, it is still necessary to determine whether or not there was sufficient of it present to produce the results that are observed. Fourthly, the toxic agent may exist in combination with various other potentially dangerous materials which may interfere, and at least complicate, the analytical procedure. When it is remernbered that virtually every element and compound known to the chemical profession may be toxic when present in sufficient quantity, it will be seen that a general unknown of this type may bracket and include virtually the entire field of chemistry. To complicate the problems even further, time and expense are always limiting factors in the investigation. Even when complete and unequivocal methods are available to do the required job, it is not often possible to apply these in a rapid and simple enough manner to make them effective, e.g., when a patient is dangerously ill, possibly from a drug or poison, and quick answers are imperative to control the medical procedures. In addition to these requirements, it is frequently necessary to establish in the court-room the type of foreign material present and its quantity, and to defend the conclusions under conditions that may be more rigorous than any academic doctoral examination. Attorneys rarely know chemistry, but they can read, and are skillled in asking questions that would never even be considered by the academic examiner, or even the industrial corporation director. For this reason, the degree of proof necessary to establish an identification in court may be much more rigorous than· in the laboratory where at least the laws of gravity and of combining equivalents are accepted without having to offer repeated proof at each discussion session. Thus, it is seen that conventional chemical and microchemical methods alone are insufficient to meet the practical needs of the criminalist until and unless they can be modified to provide rapid, unambiguous results, preferably at low cost.
There are innumerable methods for identifying relatively pure compounds positively. In the type ofproblem under discussion, the material ofinterest is to be considered as a trace constituent of a biological system of almost infinite complexity. Therefore, its initial separation from all of the large amount of accompanying biological materials and its partial purification are of prime importance. Successive extractions from acidic and basic solutions, followed by extensive clean-up, is the normal approach to this most critical step ofthe analysis. This all requires time, and leaves the laboratory full of various fractions of unknown purity, dirty glassware and chances of error or confusion. The agent ofinterest may be acidic, basic or neutral, and it may dissolve best in polar, non-polar or intermediate solvents. Thus, innumerable modifications of the extraction process continue tobe developed and utilized.
In the search for a simple, rapid, and generally applicable extraction method, a colleague, Naresh Jain, found that an equal mixture of ordinary acetone and ether used in three or more · serial extractions and without any adjustment of pH was quite-successful with all types of drugs and toxic agents, including both common types of pesticide, the chlorinated hydrocarbons and the organic phosphates. This extraordinarily simple extraction depends on the fact that acetone and ether are totally miscible with each other, but only acetoneisalso completely miscible with water. This allows the acetone to redistribute between the ether and water layers in the first extraction, after which the new solvent additions continue to build up acetone concentration in the water, and water concentration in the ether of later additions. Thus, both ionized and un-ionized acids and bases, and the neutral materials are all extracted without pH control. A further technical simplification was found possible by simply stirring the two phases tagether without shaking, thus avoiding emulsion formation, lysis of cells and difficult separation of the extract phase.
This simple solvent method probably cannot be applied to all types of biological materials because tissues, especially, carry numerous Iipids that tend tobe extracted. However, it is quite uniformly successful with blood, which can nearly always be made available for toxicological analysis.
Tests have shown that the extract from blood does not carry other constituents in sufficient amount or with suitable retention times to cause interference with later gas chromatography. Because of the inherent sensitivity of the gas chromatograph, samples of blood in excess of 0·5 ml are not generally necessary where acute dosages have been administered to animals. Some compounds such as the barbiturates are normally taken in relatively large doses, and these are easily isolated and identified with much smaller samples, such as 0·1 ml. Forthose compounds typified by the halogenated hydrocarbons used as pesticides, which have extreme sensitivity of detection with the electron capture detector, the same situation was found. In some instances, even therapeutic doses of drugs gave distinct, measurable responses.
In addition to the speed and simplicity of the basic method, it is of particular concern that it be applicable throughout the entire range of possibly dangerous organic compounds. At present, no single extraction procedure is applicable to all ofthe materials oftoxicological interest, especially where the pesticides are concerned. With this solvent method, only one group of drugs, the sympathomimetic amines, fail to register with the single type of column packing that separates all of the others, including the pesticides. This column is a spiral Pyrex one, packed with 1 per cent HI-EFF-SB, a cyclohexanedimethanol succinate, on 100/120 mesh, acid-washed and dimethyldichlorosilane-treated Celatom, Gas Chrom P. The sympathomimetic drugs extract as satisfactorily as the other materials tested, but require a different column for their separation and isolation, this being a 5 ft. Pyrex column packed with 5 per cent Carbowax 1540 on 60/80 mesh, potassium hydroxidetreated firebrick.
Because of the ability of this procedure to separate and detect drugs and poisons of all ordinary organic types, it is far broader in scope than all but the most elaborate toxicological routines that are currently utilized.
PYROLYSIS GLC IN IDENTIFICATION
The additional major problern of the criminalist, both with toxic materials and evidence of a more general nature, is identification, and when possible, individualization. Identification may be made by so many sophisticated instrumental methods that it rarely poses any serious problem. Most forensie laboratories Iack to a greater or lesser extent the advanced instrumentation available in many governmental and industriallaboratories, although many of them have infrared spectrometers, spectrographs, and occasionally X-ray diffraction apparatus.
One of the newer instrumental approaches to identification, which is much less expensive, equally rapid, and of wide applicability, is pyrolysis of organic materials with GLC separation of the products. The method has been applied by various authors to a variety of materials starting with the dassie study ofJ anakl, and including detailed sturlies ofthe mode ofpyrolytic breakdown of barbiturates by Nelson and Kirk2, of phenothiazines by Fontan and Kirk3, and of alkaloids by Kingston and Kirk4.
Following the work ofHurd et al.5-s, it has been apparent that the mechanisms of decomposition of organic compounds by heat follow a standard pattern, and are to a considerable extent predictable. This fact has been confirmed in the sturlies mentioned above, in that a particular type of chemical configuration tends to produce the same type of product, modified by such details as the nurober of carbon atoms, or presence of a side-chain.
It is unfortunate that the method is somewhat limited by the fact that most compounds, when pyrolysed, produce certain common and recurrent substances as benzene, ethane, and ethene, in quantity. However, they normally produce, in addition, other materials that are more characteristic of the structural individuality of the molecule. Thus, with the barbituric acid derivatives, a major peak was always obtained from a nitrile with the number 5 carbon atom carrying a double substitution, the substituted groups appearing in the material that yielded the peak. In addition to such fortunate circumstances as these, the quantitative relationships between the commonly found products are indicative of the original compound, as has been shown especially with the alkaloids, which otherwise would be difficult to identify from their pyrolysis pattern.
However useful pyrolysis GLC may be in the area of drug and organic poison identification, its major utility may well be in the identification and individualization of a large group of primarily organic industrial products, often of poorly defined chemical nature, or with physical properties that preclude their easy analysis by conventional chemical methods.
In the case of plastics, this possibility was recognized early and methods have been described and used during the last decade by a number of analytical groups for these materials which do not respond readily to wet chemical methods. Nelson, Yee and Kirk9 explored the possibilities of identification from the standpoint of the criminalist and found that every type of plastic tested was readily identified as to type. Further, there were smaller but definite differences between similar plastics from different manufacturers and sources. Thus, there was achieved a significant degree of individualization of this kind of evidential material.
Recently, a preliminary study of paint has been made along similar lines. Paint was chosen for study because it frequently represents one of the most useful types of evidence in both criminal and civillitigation, and because it appeared to be eminently suitable for the pyrolysis GLC approach.
All paints depend on the use of a medium which is organic, and the variety of the materials that go to make up the medium is great. Also, the proportions are quite variable. Some coatings such as shellac and lacquer are virtually entirely organic, varnishes are very nearly totally organic, while common paints, enamels and so-called latex ( or plastic emulsion) paints are organic except for the mineral pigments that they generally carry. Thus, all paints should be identifiable as to medium by use of pyrolysis GLC, and in addition, variations in miscellaneous components such as organic colouring material, extenders, plasticizers and the like should tend to aid greatly in individualizing the paint.
For this study, the pyrolyser consisted of a thin-walled quartz tube surrounded by a platinum heating coil. Into the tube could be placed threadlike fragments of dry paint, or a number of small pieces of miscellaneous shape. In this preliminary study, 34 samples of surface coating, three plastics and four drying oils were studied. From 12 to 25 peaks which were useful for identification were obtained, and in general no ambiguity was found in the identification of any of the paints with a single exception of two lacquers that differed only in their mineral pigment compo~ition. The predominant patternwas given by the fatty acids found in drying oil paints in general and including the alkyd enamels in which oils are incorporated in the alkyd. Three typical curves of pyrolysis products are shown in Figure 1 .
Because of the many variations from manufacturer to manufacturer, and from lot to lot, the possibilities in the field of paint identification by this approach are so numerous as to offer attractive opportunities for further research in this direction. It appears that paints can be better differentiated on the basis ofpyrolysis GLC than is possible, for example, with the spectrograph, which responds only to the mineral pigment content of the paint. It may not be more specific than infrared spectrometry, but is likely to be moresensitive tosmall variations in vehicle composition. It can also be more easily applied to small samples and with less costly equipment.
BLOOD INDIVIDUALITY
Some types of physical evidence and their identification have been discussed. However, much of the work of the criminalist is aimed ultimately at the identification of a person, either the criminal, or at times his unidentified victim. In many instances it is possible to identify him indirectly, that is, through the utilization of physical evidence that attaches to the crime, and can also be traced to him, such as clothing, weapons, vehicles, etc. In such instances there are two necessary steps to the proof, since the physical evidence must be related both to the person and the event. It is far more Although any such evidence is of the greatest importance, it is found that in crimes of violence, blood is generally carried from the crime scene by the criminal, andin a surprisingly large nurober of cases, the criminal hirnself leaves blood at the crime scene. Thus, a major goal of the criminalist is, or should be, the tracing of blood to its individual owner. Within the last few years, considerable progress has been made in this direction, Iargely by geneticists who have found a bewildering array of specific blood constituents to be under genetic control. Although many of these are detected only by immunological methods, e.g., the blood group substances, the trend now is to include additional substances whose detection and identification rest on basically microchemical approaches, ofwhich the most important is electrophoresis followed by some type of chemical or chemical enzymic test. Even the immunological tests are normally microscopic and make use of small quantities of sera and samples in a manner quite familiar to all microchemists.
To this activity, the author's laboratory has contributed a number of techniques that have been previously reported in the literature. One of these of some interest is the detection of selected antihoclies in blood. Three tha t have been studied to date are: the rheuma toid arthri tis factor, determined in dry blood traces (Leister and KirklO), the antibody to syphilis, (Leister, Thornton, and Kirkll) and the antibody to the Rh factor when induced by transfusion of Rh positive blood, or in the case of a Rh negative woman, when immunized from her Rh positive foetus (Thornton and Kirk12). Each of these factors segregates the population into at least two groups, a positive and a negative, and some quantitative discrimination is possible.
Another approach that has demonstrated greater possibilities is that of comparing electrophoretic and immuno-electrophoretic patterns (Laudel, Grunbaum and Kirk13, 14) . Wehave found no difficulty in distinguishing individual blood in the 100 comparisons made between dry samples. Others have gone further, e.g., Bernfold, Donahue and Homburger15 examined 1250 plasma samples from 440 individuals, and considered that each individual was different from the others. Their procedure was probably inadequate for dried blood taken from spots, smears and dry pools, as encountered in the forensie laboratory. In another study, samples of dry blood from 30 persons were all shown to be clearly distinguishable on the basis ofthe density ofthe dry sample, determined in a simple density gradient (Sylvia and Kirk16).
Without elaborating on these items which have been published, it seems appropriate to summarize the known possibilities for individualization of blood to the extent that data are available. Based on the nine best-known blood groups alone, it is possible to divide the human population into about 2·7 X 10 6 sub-populations. Most of the blood-group systems involved have not been shown to be determinable in dry blood as compared with fresh liquid blood.
The method of blood grouping based on cell agglutinogens has been known for a considerable time. More recently it has been found that serum may also be used to group blood because of its content of genetically controlled and generally heterogeneaus protein systems. Five such conunonly known grouping systems will divide blood into something greater than 960 sub-populations. Since this development is only in its infancy, it is predictable that this number will be very greatly increased as further research is clone, especially with enzyme systems that are now under very profitable study, and of which none are included in the above figure. The genetically controlled abnormal haemoglobins which have been shown tobe determinable in dry specimens ofblood and have received some utilization in actual criminal trials, are likewise not included.
With only the incomplete figures listed, it can be calculated that in the rarest combination of factors, and assuming that there is a white American who has this rarest combination, there is only a probability of 7 x 10-25 per cent of a second person having the same combination of factors. Naturally, the commonest combinations of factors give much less impressive probabilities. Again for the white American population, the probability of duplication of the commonest combination of the above listed factors is about 0·0395 per cent.
Although much more investigation is indicated in this field, it can only be emphasized that new grouping factors are being found at a rapidly increasing rate, either with blood cells or serum. Whether or not actual fingerprinting of blood can be achieved already, the potentialities are such as to offer to the microchemist a most alluring prospect for future research, based on an already very substantial set of accomplishments. In criminalistics, there is a large and exciting area for the application of microchemical methods, both in research and in the practical problems of the crime detection laboratory.
